Seventy-six plant extracts from the Panamanian flora have been screened for acetylcholinesterase (AChE) inhibitors by thinlayer chromatography (TLC) bioautography. The most promising extracts with AChE inhibitory and free radical scavenging activities at 100 µg were those of Tabernaemontana panamensis (Markgr., Boiteau & L. Allorge) Leeuwenb., Pentagonia macrophylla Benth., and Warszewiczia coccinea (Vahl) Klotzsch. Bioguided fractionation of W. coccinea stem extract afforded two triterpenes, 3β,6β,19α-trihydroxy-urs-12-en-28-oic acid (1) and 3β,6β-dihydroxy-olean-12-en-28-oic acid (sumaresinolic acid ) (2), with AChE inhibitory activity. Their structures were determined by spectroscopic methods. This is the first report of these bioactive triterpenes in W. coccinea.
Alzheimer's disease (AD) is the most prevalent variant of neurodegenerative diseases, affecting more than 20 million people worldwide [1] . The current mainstays of the pharmacotherapy of AD are the cholinesterase inhibitors, one of which is galanthamine from Galanthus nivalis L. (Amaryllidaceae) [2a] . Huperzine A, isolated from Huperzia serrata (Thunb. ex Murray) Trevis. (Lycopodiaceae), has antioxidant and acetylcholinesterase inhibitory activities that suggest its potential as a diseasemodifying treatment for Alzheimer's disease (AD). Huperzine A is available as a nutriceutical in the US and is currently, in Phase II trial [2b].
In the field of AD, phytochemical studies of various active plants have been greatly stimulated by the structural diversity of the known AChE inhibitors and the possibility of exploring several mechanisms of action [3] . These facts still support the need for continuing the search for plant-derived natural products as new acetylcholinesterase inhibitors from as not yet explored tropical plants in Panama. The aim of our study was to identify plants containing chemical constituents that could inhibit acetylcholinesterase and have potential antioxidant activity through the free radical scavenging mechanism. Lead compounds obtained from active plants should open possibilities to multitarget-directed ligands (MTDLs). During the plant screening program, an ethanolic extract of stems of Warszewiczia coccinea (Vahl) Klotzch, a tree found in Central and South America, commonly called "Sangrenaria", "Guna" and "Crucero" [4a] , was shown to contain two compounds inhibiting AChE activity. The bark has been used as a hemostatic by Kuna Indians in Colombia [4b], to treat nasal hemorrhages in Peru [4c], and to treat fever in Puerto Rico [4d].
Seventy-five extracts were prepared from 36 plants and were first tested at a concentration of 100 µg on a TLC plate for their AChE inhibitory and free radical scavenging activities. Twenty-six extracts, representing 24 plants, 19 genera and 9 families displayed acetylcholinesterase activity, ranging from weakly active to very active (Table S1 is included in the Supplementary data section). The acetylcholine-sterase inhibitory activity of the 26 active extracts was scored from weakly active (+) to highly active (+++). Sixty-eight extracts showed DPPH free radical scavenging activity at 100 µg on the TLC plate, of which 17 (25%) showed strong activity. For this assay, the free radical scavenging activity was scored from weakly active (+) to highly active (+++). [6] .
In this study, the isolation and identification of two known hydroxylated ursolic and oleanolic acid triterpenoids are reported for the first time in the genus Warszewiczia, namely 3β,6β,19α-trihydroxyurs-12-en-28-oic acid (1), and 3β,6β-dihydroxyolean-12-en-28-oic acid (sumaresinolic acid) (2). Compound 1 has previously been found in other plants (for example, Uncaria florida Vidal, Rubiaceae) [ The structures of compounds 1 and 2 were deduced from an iterative search by 13 C NMR chemical shift carried out within our NAPROC-13 NMR spectroscopic database [9] (http://c13.usal.es) and identified unambiguously on the basis of MS, 1 H NMR, 13 C NMR, and 1D and 2D spectroscopic data. 1 H NMR data in CDCl 3 -CD 3 OD (1:1) and 13 C NMR data in pyridine-d 5 of 1 have been previously reported by Aimi et al. [7] , whereas the NMR data of the methyl ester of 2 in CDCl 3 has been reported by Sakakibara et al [8a] . This is the first report of the NMR data of compounds 1 and 2 recorded in CD 3 OD.
Compounds 1 and 2 were active by inhibiting acetylcholinesterase at 1 µg on the TLC plate. This is the first report of inhibitory activity of AChE of 6hydroxy and 19-hydroxyursolic acid-type triterpenes.
Other triperpenes, such as slavins A and B from Salvia santolinifolia Boiss. (Lamiaceae), and oleanoic acid-type triterpenes, have displayed selective inhibitory activity against butyrylcholinesterase (BChE) [1] . A variety of acetylcholinesterase (AChE) inhibitors of plant origin have been reported, which include mono-, di-and triterpenoids, and triterpene alkaloids [10a-10g]. However, the acetylcholinesterase activity of none of the triterpenes reported in this paper has been published previously.
Conclusions: Six promising plants have been identified
for their ability to inhibit acetylcholinesterase and to have potential antioxidant activity. Two triterpenes (1 and 2) with inhibitory activity of acetylcholinesterase and free radical scavenging activities have been isolated and characterized from W. coccinea, and their biological activities have been reported for the first time.
Experimental

General experimental procedures: Optical rotations were measured with a Polarimeter (Rudolf Research
Analytical Autopol II Polarimeter, Flanders, New Jersey, U.S.A.). NMR spectra in CD 3 OD were carried out on a Bruker spectrometer operating at 400 MHz for 1 H NMR and 100 MHz for 13 C NMR. MS were recorded with a VG Analytical ZAB magnetic sector mass spectrometer and EI ionization. 
Plant material: Plants selected on a chemotaxonomic basis were collected mainly from the tropical forests of Panama and detailed information is provided in
Preparation of extracts:
In general, plant material (30 g) was independently macerated with 80% ethanol, methanol, dichloromethane, chloroform and water (0.5 L; 3 x 24 h). The plant extracts were filtered and concentrated in vacuo at < 40 o C in a rotary evaporator and stored at -80ºC until tested.
Extraction and isolation:
Stems (1160 g) of W. coccinea were extracted with EtOH 95% (3 x 5 L, 24 h) at room temperature. The 95% EtOH extracts were pooled and evaporated under reduced pressure to yield a residue (29.8 g). The solvent partition protocol involved suspension of the crude extract in water followed by successive extraction with CHCl 3 and EtOAc. The CHCl 3 partition was concentrated in vacuo to dryness, re-dissolved in 80% MeOH, and extracted with n-hexane. All fractions were tested for their acetylcholinesterase inhibitory and free radical scavenging activities. The 80% MeOH fraction displayed inhibition of AChE at 100 µg on the TLC.
The 80% MeOH fraction (1.5 g) was subjected to column chromatography on silica gel 60 (0.063-0.200 mm), which on elution with n-hexane-EtOAc (70:30 → 0:100) gradient mixtures gave fractions I-VII. Fraction VI (324.1 mg) was then subjected to size exclusion separation (Sephadex LH-20; 25 -100 µm) with CHCl 3 -MeOH (1:1, gradient mixtures) to obtain 36 fractions (VI-1 to 6-36), from which the pooled fraction VI-16 → 24 afforded compound 1 (149.6 mg; yield: 0.01%). Fraction IV (188.4 mg) was also subjected to size exclusion chromatographic separation, as above, with a gradient of CHCl 3 -MeOH (1:1) to give fractions (IV-1 to IV-86), from which pooled fractions IV-8→10 yielded compound 2 (28.5 mg; 0.002%). 
Anti-acetylcholinesterase bioautographic assay:
The TLC bioautographic method in this study was carried out as described previously [11] . The samples were dissolved in MeOH. The solutions were applied to the TLC to deliver 100 µg on the plate. Plates were developed with a mixtures of CHCl 3 -MeOH-H 2 O (65:35:5) for polar and EtOAc-n-hexane (1:1) for non polar extracts, respectively. The known inhibitor galanthamine HBr (product no. G 1660) was purchased from Sigma (St. Louis, MO, USA) and tested at 0.01 μg on the TLC.
